Background: Recent meta-analysis of genome-wide association studies in European descent samples identified novel loci influencing glucose and insulin related traits. In the current study, we aimed to evaluate the association between these loci and traits related to glucose metabolism in the Chinese.
Introduction
Diabetes is one of the major health problems worldwide. According to the results of China National Diabetes and Metabolic Disorders Study, the prevalences of total diabetes and prediabetes in China were 9.7% and 15.5%, respectively [1] . Over 90% of the Chinese diabetes patients are type 2 diabetes. Type 2 diabetes is a metabolic disorder characterized by chronic hyperglycemia in the context of insulin resistance and relative insulin deficiency [2] . Although Western lifestyle contributes a lot to the type 2 diabetes epidemic, genetic determinants also influence type 2 diabetes susceptibility. Nowadays, multiple genes were identified to influence type 2 diabetes susceptibility, fasting and postprandial glucose levels [3, 4, 5, 6] . Recent reports on metaanalysis of genome-wide association studies focusing on glucose and insulin related traits identified nine novel fasting glucose loci (ADCY5, MADD, ADRA2A, CRY2, FADS1, GLIS3, SLC2A2, PROX1 and C2CD4B), five oral glucose tolerance tests (OGTTs) 2-h glucose loci (GIPR, ADCY5, VPS13C, GCKR and TCF7L2) and one locus (IGF1) associated with fasting insulin levels and insulin resistance [7, 8] . Besides, the effects of previous reported type 2 diabetes and/or fasting glucose loci G6PC2, GCK, GCKR, MTNR1B, DGKB, SLC30A8 and TCF7L2 were also replicated in the meta-analysis [7, 8] . However, as the initial studies were performed in the European descent adults, replication studies in other ethnic samples are important to fully understand their effects on disease susceptibility. Among these loci, only the effects of GCK, GCKR, G6PC2 and MTNR1B on fasting glucose levels and beta cell function had been well validated in multiple populations [9, 10, 11, 12, 13, 14] , while the effects of the other loci on fasting and 2-h glucose in non-European descent populations remained largely unknown. The effects of these novel loci on type 2 diabetes risk were also unclear. In the present study, we aimed to test for the association of SNPs from fifteen reported loci and type 2 diabetes susceptibility and quantitative traits related to glucose metabolism in the case-control samples of Shanghai Chinese.
Methods

Ethics statement
This study was approved by the institutional review board of Shanghai Jiao Tong University Affiliated Sixth People's Hospital in accordance with the principle of the Helsinki Declaration II. Written informed consent was obtained from each participant.
Participants
We recruited a total of 6,822 participants of Chinese Han ancestry residing in Shanghai, comprising 3,410 type 2 diabetes patients and 3,412 controls. All cases were unrelated type 2 diabetes patients recruited from the inpatient database of Shanghai Diabetes Institute. The controls were subjects with normal glucose tolerance as assessed by standard 75 g OGTTs, and with negative family history of diabetes that recruited from Shanghai Diabetes Study [15] and Shanghai Diabetes Study II [16] . The clinical characteristics of the cases and controls were shown in Table 1 .
Clinical measurements
Phenotypes for anthropometric and biochemical traits related to glucose metabolism were extensively measured for both case and control subjects. OGTTs were performed in the controls in the morning after an overnight fast. Blood samples were obtained at the fasting and 2 h during OGTTs. Plasma glucose and serum insulin were measured. Basal insulin sensitivity and beta cell function were calculated from fasting plasma glucose and insulin using HOMA [17] . In addition, insulin secretion and sensitivity were also estimated according to the indices proposed by Stumvoll et al [18] and Gutt et al [19] .
SNP selection, genotyping and quality control analysis
We selected seventeen SNPs from fifteen loci (GIPR rs10423928, ADCY5 rs2877716 and rs11708067, TCF7L2 rs12243326 and rs4506565, VPS13C rs17271305, DGKB rs2191349, MADD rs7944584, ADRA2A rs10885122, FADS1 rs174550, CRY2 rs11605924, SLC2A2 rs11920090, GLIS3 rs7034200, PROX1 rs340874, C2CD4B rs11071657, SLC30A8 rs11558471, and IGF1 Table 3 . Association between SNPs from fifteen loci and glucose and insulin levels in the Chinese normal glucose regulation subjects.
SNP Gene
Effect allele*/ other allele
Fasting glucose (n = 3,312)
2-h glucose (n = 3,312)
Fasting insulin (n = 2,309) rs35767) which were recently reported to be associated with fasting or OGTT 2-h glucose levels [7, 8] . The SNPs were genotyped by using primer extension of multiplex products with detection by matrix-assisted laser desorption ionization -time of flight mass spectroscopy using a MassARRAY Compact Analyzer (Sequenom, San Diego, CA, USA). All seventeen SNPs passed genotype quality control analyses.
Statistical analysis
The Hardy-Weinberg equilibrium test was performed before the association analysis. SNPs failed Hardy-Weinberg equilibrium tests (p,0.01 in the controls) were excluded. The allelic frequencies between the diabetic patients and controls were compared using x 2 tests, and ORs with 95% CIs were presented. As age, gender and BMI differed in the cases and controls, we further adjusted them as confounding factors by logistic regression. Quantitative traits were analyzed by linear regression adjusted for age, gender and BMI under an additive genetic model. All skewly distributed quantitative traits, including fasting and 2-h insulin levels, HOMA-B, HOMA-IR, STUMVOLL and GUTT, were logarithmically transformed (log 10 ) to approximate univariate normality (p.0.01 by Kolmogorov-Smirnov test). In order to adjust multiple comparison, 10,000 permutations were performed for each trait to assess empirical p values using PLINK [20] . The statistical analyses were performed using SAS for Windows (version 8.0; SAS Institute, Cary, NC, USA) unless specified otherwise. A two-tailed p value of ,0.05 was considered statistically significant.
The statistic power was estimated under an additive genetic model based on the previously reported effect size and allele frequency observed in our samples. For SNPs with minor allele frequency over 0.2, our sample size had over 80% power to detect an effect size of 0.035 mmol/l for fasting glucose, 0.10 mmol/l for 2-h glucose and an OR of 1.13 for type 2 diabetes risk. For SNPs with minor allele frequency equal to 0.05, our sample size had over 80% power to detect an effect size of 0.08 mmol/l for fasting glucose, 0.17 mmol/l for 2-h glucose and an OR of 1.24 for type 2 diabetes risk.
Results
All SNPs were in accordance with Hardy-Weinberg equilibrium. Table 2 We then analyzed the effects of these SNPs on quantitative traits in the controls. As shown in Table 3 and Table 4 , SNPs from DGKB, MADD and SLC30A8 were significantly associated with fasting glucose (p = 0.0086, 0.0392 and 0.0019; empirical p = 0.1337, 0.4833 and 0.0329; respectively) while PROX1 rs340874 was significantly associated with OGTT 2-h glucose (p = 0.0014; empirical p = 0.0232). The glucose-raising allele of these loci showed association to lower insulin secretion index Stumvoll (p = 0.0237, 0.0330, 0.0482 and 0.0333; empirical p = 0.3290, 0.4234, 0.5624 and 0.4272). For insulin levels, IGF1 rs35767 showed significant association to both fasting and 2-h insulin levels (p = 0.0153 and 0.0073; empirical p = 0.2351 and 0.1105) as well as insulin secretion and sensitivity indices HOMA-B, HOMA-IR and Gutt (p = 0.0133, 0.0160 and 0.0035; empirical p = 0.1997, 0.2465 and 0.0626), while CRY2 rs11605924 was associated with 2-h insulin levels and Gutt (p = 0.0117 and 0.0103; empirical p = 0.1727 and 0.1660). However, SNPs from GIPR, ADCY5, TCF7L2, VPS13C, ADRA2A, FADS1, SLC2A2, GLIS3 and C2CD4B showed no association to any quantitative trait of glucose metabolism in our samples.
Discussion
In the current study, we tried to replicate the effects of recently reported loci influencing quantitative traits related to glucose metabolism in a Shanghai Chinese population. To our knowledge, this is the first replication study in Asian population focusing on these loci up to now. We confirmed the association between DGKB, MADD and SLC30A8 and fasting glucose. We also found PROX1 was associated with 2-h glucose in our samples. The effects of IGF1 rs35767 on fasting insulin and insulin sensitivity were also observed. However, the direction of effects was opposite to that observed in the European descent samples [7, 21] . It should also be noted that the allele frequencies of rs35767 differed between European and Chinese populations (0.15 vs 0.35 for A allele). It suggests causal variant within this locus remained to be identified. Table 3 . Cont. Table 4 . Association between SNPs from fifteen loci and insulin secretion and sensitivity indices in the Chinese normal glucose regulation subjects.
SNP Gene
Effect allele*/ other allele HOMA-B (n = 2,302) STUMVOLL (n = 2,303) HOMA-IR (n = 2,309) GUTT (n = 2,291) We showed SNPs from seven loci, including GIPR, TCF7L2, MADD, CRY2, GLIS3, PROX1 and SLC30A8, had an effect on type 2 diabetes in our samples. Most of these associations were in consistence with findings in the European descent samples, except that MADD rs7944584 showed an association to type 2 diabetes only in the Chinese samples. MADD encodes mitogen-activated protein kinase activating death domain, which interacted with tumor necrosis factor alpha receptor 1 to activate mitogenactivated protein kinase and propagate the apoptotic signal [22] . Previous study in European samples showed the glucose-raising allele of MADD rs7944584 was associated with elevated fasting proinsulin without altering insulin secretion [21] , suggesting this locus was associated with insulin processing defects. In this study, we found the glucose-raising allele was associated with a higher risk for type 2 diabetes in the Chinese population. The underlying mechanism is not clear, but it is known the defects in insulin processing may lead to endothelium reticulum stress and finally beta cell dysfunction [23] . However, this SNP showed a negligible effect on type 2 diabetes in the European population. It is not clear whether ethnic difference played a role in the effect of this locus as poor insulin compensation ability was observed in the Asians compared with the European descent populations [24] . On the other hand, we cannot exclude the possibility that the effect of MADD rs7944584 on type2 diabetes was over estimated or even this association was just a positive finding by chance. Thus further replication studies in the Asian samples are needed.
In this study, we failed to replicate the associations of several variants with fasting or 2-h glucose levels. Some of these unreplicated SNPs including the ones from ADCY5, TCF7L2, SLC2A2 and ADRA2A were much rarer in the Asians than they were in the European descent populations (e.g., ADCY5, with minor allele frequency 0.002 in the Chinese vs 0.25 in the European descents). We may not have enough statistical power to replicate the effects of some loci because of the smaller minor allele frequency. Whether there are common SNPs at these loci with effects on glucose metabolism in the Asians are unknown and remain to be investigated. There are also some SNPs lacking replication because of the smaller effect size (e.g. C2CD4B, with reported beta = 0.008 mmol/l per allele). However, there are still loci that failed to be replicated in our samples even though we had enough statistical power, e.g. GIPR, which suggests heterogeneous effects of these loci may exist in the Chinese comparing with European descent populations.
Although we analyzed these loci in relatively large samples, there are several limitations of our study. First, as multiple traits and SNPs were analyzed in the current study, we could not exclude the possibility that our findings were false positive. But considering these SNPs were originally identified in large-scale genome-wide association studies and all the traits analyzed were highly related, the impact of multiple comparisons may be limited. Second, we only analyzed the effects of these loci on insulin sensitivity and secretion in the normal glucose regulation subjects as most of the type 2 diabetes patients were receiving glucose lowering therapy. However, Heni et al showed the impact of genetic variation on insulin secretion depends on glycaemia [25, 26] , what are the effects of these variants in the diabetic patients and prediabetes subjects remained unknown and to be investigated. Third, only the reported SNP(s) from each locus was analyzed in the current study. As differences exist in allele frequencies as well as linkage disequilibrium structure between Asians and European populations, detailed analyzing of more SNPs from each locus in Asian samples may help identify the causal variant.
In conclusion, we analyzed the effects of SNPs from fifteen loci recently reported to be associated with fasting and/or 2-h glucose or fasting insulin in the Chinese samples, and showed SNPs from GIPR, TCF7L2, DGKB, MADD, CRY2, GLIS3, PROX1, SLC30A8 and IGF1 were associated with traits related to glucose metabolism in the Chinese population. Moreover, our data suggest heterogeneous effects of SNPs from MADD and GIPR may exist in the Chinese population comparing with European population.
Effect allele*/ other allele HOMA-B (n = 2,302) STUMVOLL (n = 2,303) HOMA-IR (n = 2,309) GUTT (n = 2,291) Table 4 . Cont.
